Legs from freshly caught snow crabs (Chionoecetes opilio) were kept in ice for 28 days. The pH value decreased from around 7 at the start of storage to 6.6 on day 3, and then increased to 8 on day 20. The concentration of free proline, glycine and arginine increased until day 3, and then decreased. The arginine completely disappeared on day 28. In contrast, ornithine, urea and NH3continued to increase during storage in ice. The activities of some peptidases, especially of tripeptidase, were clearly detected in a muscle extract. The arginase [EC 3.5.3.1] activity of the muscle extract tended to increase in the alkaline pH range, accounting for the changes in the arginine, ornithine and urea concentrations. Based on these results, it is proposed to use the concentration of urea or ornithine as a parameter for the freshness of snowcrab.
The snow crab, Chionoecetes opilio, widely inhabits the Japan Sea and is favored by the Japanese for its tasty meat. Several studies have so far been performed on the chemical composition of fresh muscle.1~3) Fresh and cooked meat of this species, along with other species, have been examined for the components relating to taste and flavor.4) In recent years, it has been taking more than one week before the crabs have been sold at local markets after catching. This is because crab resources are small in coastal waters due to over fishing, and the fishing boats have to stay at sea for a long time until sufficient crabs have been caught. The crab is kept in ice during i t transportation from the fishing grounds to fishing ports. During this transportation period, the chemical constituents in crab meat might be changed, but little information is available on such changes. In addition, 359 no reliable freshness index has been established for crab. Under these circumstances, the present study was undertaken to clarify the changes in free amino acids of snow crab muscle during storage in ice, and to elucidate the enzymatic process involved in those changes.
Materials and Methods
Materials. Five live specimens of male snow crab, Chionoecetes opilio (320-505 g in body weight), were obtained at a local fishing port in Tottori Prefecture. Legs with the exoskeleton were excised from those specimens, packed in plastic bags, and stored in ice for 28 days.
During storage, the muscle portions were dissected at days 0, 1, 3, 6, 10, 15, 21 and 28, and used in the following analyses.
Preparation of the extracts. The muscle (usually 5 g) was removedfrom each leg sample, and homogenizedwith an equal volume (v/w) of 5% trichloroacetic acid (TCA)
Present address: Faculty of Education, Ibaraki University, Mito, Ibaraki 310, Japan. containing 5mM /?-alanine as an internal standard. The homogenate was centrifuged at 17,000 x g for lOmin, and the supernatant was adjusted to pH 2.2 and diluted 20 times with 0.2 m citrate buffer (pH 2.20). Amino acids were determined by the method of Hamilton5} using a Shimadzu LC-3A high-performance liquid chromatograph. An ISC-07 column, using a gradient buffer system and a post-labeling technique with o-phthalaldehyde, was adopted. Urea was assayed by the direct colorimetric method using diacetyl monoxime.6) The pH of the muscle was directly measured with a Toa pH meter. All data are given as the average with standard deviation for five specimens, along with the range. DEAE-cellulose column chromatography. The procedure was essentially the same as that previously reported.7) Briefly, the muscle was homogenized with four volumes of 40mMTris-acetate buffer (pH 7.4) containing 1 mM2-mercaptoethanol (MCE), and centrifuged at 24,000 x g for 30min. The supernatant was dialyzed overnight against 40 mMTris-acetate buffer (pH 7.4) containing 1 mMMCE and 1 mMNaN3(buffer A). The dialyzate was centrifuged at 24,000xg for 30min to eliminate the denatured proteins, and applied to a DEAE-cellulose column (1.55 x 22cm) that had been equilibrated with buffer A. After washing the column with buffer A, the proteins were eluted by a gradient from 0 to 400mMKC1in buffer A, and then by 1 m KC1 in buffer A. Twenty-ml fractions were collected.
Enzymeassay. Peptidase activity was assayed by using several synthetic peptides as substrates, as described previously.^The peptides used were Val-Ala, Leu-Met, MetMet-Leu, Leu-Leu-Ala, Ile-Phe-Gly, Leu-Ala-Leu-Gly, and Val-Val-Val-Ala, all of which were synthesized by the method of Katakai et al.8) To a portion (0.015 ml) of each eluate obtained as already described, were added 0. 1 ml of buffer A, 0.04ml of 10mM dithiothreitol (DTT)' and 0.45ml of water, and the mixture was preincubated at 37°C for 15min. Incubation was started by the addition of 0.2ml of a 0.6mMpeptide solution. After a 2-hr incubation at 37°C, the liberated amino acids were determined by the ninhydrin reaction. For the arginase activity assay, the muscle was homogenized with five volumes of 50mMpotassium phosphate buffer (pH 7.5), and centrifuged at 15,000 xg for 15min. The crude extract (0.05ml) thus obtained was added to a mixture containing 0. 1 ml of 200 mMpotassium phosphate buffer (pH 4.39-8.89), 0.01 ml of water, 0.04ml of 10mM MnCl2, and 0.02 ml of 0.25 m arginine. The urea produced during a 2-hr incubation was measured by the diacetyl monoximemethod.
Results

Changes in pH
During storage in ice, the muscle was removedfrom each leg sample at the arranged intervals, and measured for pH (Fig. 1) . The pH value decreased from around 7 at the start to 6.6 at day 3, and then gradually increased to 8 at the end of storage.
Changes in the free amino acid profile The free amino acid composition at the start (Table I) was very similar to the data so far reported,2'3'9* with taurine, proline, glycine, alanine and arginine as the major components. During storage, the concentration of valine, methionine, tyrosine and lysine sharply decreased at day 1, but did not significantly change thereafter (Fig. 2) . The concentration of arginine, proline and glycine increased to some extent until day 3, but then decreased with storage time. The taurine and alanine concentrations were roughly constant-during storage (Fig. 3) . Ornithine was hardly detected at the start of storage, but began to increase after day 6, ammonia also showing a similar type of change (Fig. 4) . The glutamic acid level also began to increase after day 6. It is well known that animals have an ornithine cycle. Arginine may be degraded to ornithine and urea by arginase in this cycle, and therefore, the urea concentration was measured. As shown in Fig. 5 , urea was hardly detected at the start of storage, but began to appear at day Crab legs with the exoskeleton were stored in ice for 28 days. At arranged intervals, the pH of the muscle was measured. The data are given as the average with standard deviation for five specimens. fhe muscle was homogenized with 5% TCAcontaining I mM^-alanine as an internal standard and centrifuged, mdthe supernatant was analyzed for free aminoacids by iPLC. Refer to the legend to Fig. 2 for further details. A crude extract was prepared from snow crab muscle by the method described previously,7* and loaded into a DEAE-cellulose column (1.6 x 22cm) equilibrated with l mMtris-acetate buffer (pH 7.4) containing l mM MCEand 1 mMNaN3. Proteins were eluted with the same buffer containing an increasing concentration of KC1 from 0 to 400mM, and subsequently eluted by the same buffer containing 1 m KC1. Twenty-ml fractions were collected. The peptidase activity in each fraction was assayed using Met-Met-Leu (#-#), Ile-Phe-Gly (A-A), and Leu-Leu-Ala (å¡-å¡) (Fig. 6A) , and Val-Ala (#-#), Leu-Met (D-D), Leu-Ala-Leu-Gly (å ---å ) and Val-Val-Val-Ala (A-A) (Fig. 6B) . Fig. 7 . pH-Dependency of Arginase Activity. Arginase activity was measured in 55 mMpotassium phosphate buffer at different pH values (6.2-9.7) in the presence of 1 mMMnCl2. The urea produced was determined colorimetrically using diacetyl monoxime.
6 and continued to increase slowly during subsequent storage.
Enzymesinvolved in change to the free dmino acid profile Most of the free amino acids in snow crab muscle did not greatly change during storage, unlike those in mammalian muscle. 10) Therefore, some attempts were madeto fractionate peptidases from the muscle extracts by DEAE-cellulose column chromatography. As shown in Fig. 6 , there appeared at least five peaks of peptidase activity. We have reported previously that amino peptidase hydrolyzing Val-Val-Val-Ala is the major peptidase in mammalian skeletal muscle.1} In snow crab muscle, however, this substrate was hydrolyzed slowly. On the other hand, tripeptide Met-Met-Leu was hydrolyzed very rapidly.
The dipeptides used were also slowly hydrolyzed.
In an attempt to explain the changes of arginine, ornithine and urea, the enzyme which degrades arginine with simultaneous production of ornithine and urea, the arginase activity was measured at different pH values (Fig. 7) . A high arginase activity was detected at alkaline pHvalue, as was the case with mammalian substances were also proposed as an index,15) but have not been used widely.
As already described, the concentrations of arginine, ornithine, urea and ammoniaexhibited notable changes with elapsed storage time, both ornithine and urea beginning to increase after day 6. Snowcrabs stored for 6 days were still tasty although a statistical organoleptic evaluation was not carried out in the present study. At day 10, the crab muscle produced an ammoniasmell. The results show that, as long as the ornithine and urea concentrations were lower than 1 /rniol/g of muscle, a crab was still of good quality. Therefore, ornithine and/or urea could be used as a freshness index for snow crab. Changes in the amino acid and ammonia concentrations during storage in ice maypartly be accounted for by both the changes in pH of the muscle (Fig. 1 ) and the pH-activity relationship ( Fig. 7 ) of arginase. The pH of crab muscle decreased to 6.6 at day 3, arginase not being active around this pH value, and therefore no ornithine nor urea were produced from arginine. During day 6 to 10, the pH increased to 7.0-7.5. The arginase showed little activity around this pH, and therefore, arginine seemed to have been catabolized to ornithine and urea after day 6. Most of the free amino acid concnetrations did not change significantly.
This could be explained by the poor Val-Val-Val-Ala hydrolyzing activity. As already described, glycine and proline decreased and glutamic acid increased during storage, although the mechanisms involved remain unclear.
The increase of ornithine concentration and decrease of arginine concentration during storage in ice have also been reported for white shrimp16) and horsehair crab.17) Urea concentration was not measured in the experiments on white shrimp, but in the horsehair crab experiments, urea increased from 2.4mg to 6.5mg/100g of meat during a 7-day storage in ice; The concentration of urea in horsehair crab at day 0 was different from our result, but the changes in free amino acid concentrations were very similar, although the horsehair crab was stored in an ice-water mixture without a plastic bag. It seems interesting to examine whether marine invertebrates other than those crabs and shrimp show similar changes in the amino acid profile during storage in ice.
